The essential oils of Juniperus phoenicea L. from Algeria were obtained by hydrodistillation and analyzed by GC-FID and GC-MS. Concerning their chemical composition, 74, 61 and 72 volatile compounds were identified from fresh leaves, dried leaves and berries, representing 88.8%, 91.3% and 94.7% of the total composition, respectively. The main monoterpene in the oils of fresh leaves, dried leaves and berries was α-pinene (29.6% / 55.9% / 56.6%), accompanied by lesser amounts of the sesquiterpenes β-caryophyllene (2.6% / 1.6% /1.2%) and germacrene D (2.01% / 1.7% / 1.5%), respectively. Antibacterial activity of J. phoenicea essential oils was tested against one Gram-negative and four Gram-positive bacterial strains and the yeast Candida albicans, responsible for nosocomial infections. As references, 14 antibiotics and 5 antifungal agents were evaluated. The berry essential oil was ineffective against all but two of the strains tested, whereas the essential oil of dried leaves significantly inhibited all strains but Pseudomonas aeruginosa, which turned out to be the most resistant strain overall. However, Escherichia coli was the most susceptible to the essential oils tested. The essential oil of dry leaves was highly active against Candida albicans, outclassing even the standard antifungal substances. These promising results could substantiate the use of essential oils in the treatment of hospitalacquired infections.
The treatment of nosocomial infections is usually based on the application of antimicrobials (antibiotics and antifungal agents). Continuous and inappropriate use of antimicrobial substances has caused the development of resistant strains. This resistance of microorganisms to antimicrobial drugs provokes problems in medicinal treatment [1] . New therapeutic concepts have to be found, including medicinal plants with a long-time traditional use. Empirical knowledge about therapeutic activities of medicinal plants and their extracts can lead to scientific research confirming the traditional indications [2] . Among natural antimicrobials essential oils (EOs) possess a wide spectrum of antibacterial [3] , antifungal, antiparasitic [4] and insecticidal activities, along with other biological properties [5] . The antimicrobial activity of EOs depends on their specific chemical composition [6] .
In Algeria, Cupressaceae (Thuja and Juniperus) represent the majority of forest formations, as well as semi-dry forest in mountainous areas. The common name of Juniperus phoenicea L. in Algeria is Arar, also known as Ifz or Remba in Tamazight. This species grows in arid and semi-arid highlands and in the Atlas Mountains in the Sahara desert on rock surfaces, steep slopes and caves in valleys from Djelfa to Saida. Phoenician juniper is also a typical juniper found throughout the Mediterranean region [7] . A combination of a wide geographical range and the presence of a wide spread of populations allows a species to generate a broad spectrum of genetic variability [8] . In fact, many authors have reported the presence of intraspecific taxa based upon morphological, biochemical and molecular data [8, 9] . Recently, on the basis of Random Amplymorphics DNAs fingerprinting, Adams et al. [10] distinguished between J. phoenicea var. phoenicea and J. phoenicea var. turbinata and affiliated populations. J. phoenicea is considered an important medicinal plant, widely used in traditional medicine to treat diabetes, diarrhoea, and rheumatism, and as a diuretic [11, 12] . The EOs of leaves and berries of J. phoenicea possess antimicrobial activity [13] . In the present study, the EOs of the fresh leaves, dried leaves and berries of J. phoenicea were analyzed for their chemical composition and antimicrobial activity.
The moisture content of the fresh leaves was determined to be 41.9%, compared with 32% for Moroccan samples [13] . The EO yields were 0.6%, 0.9% and 2.0% for J. phoenicea fresh leaves, dried leaves and berries, respectively. As expected, the EO yields of berries and dried leaves were higher than that of fresh leaves. Samples collected in the area of Marrakech showed similar results, 0.2% for fresh and 0.9% for dried leaves [14] . The difference in EO yield of fresh leaves may be due to the geographical distribution and genetic factors. Table 1 summarizes the odour impressions of J. phoenicea EOs. In Table 3 , the activity of J. phoenicea Eos, as well as reference antibiotic and antifungal compounds against selected test strains is given. Critical diameters of antibiotic references were interpreted according to CA-SFM recommendations [16] . For EO samples, inhibition zone diameters <12 mm were regarded as intermediately active (bacteriostatic) and diameters ≤18 mm as susceptible.
Regarding standard antibiotics, the strains tested generally exhibited susceptibilities similar to comparable test strains [17] , with some exceptions: Both EC and SA were resistant to doxycycline. Overall, PA was the most resistant strain, inhibited by only three antibiotics (gentamicin, colistin, norfloxacin), whereas SA was the most susceptible strain, regarding the number of inhibiting antibiotics (resistance against nalidixic acid, colistin and doxycycline), as well as extent of inhibition expressed by diameter of inhibition zone.
In the absence of any official standard as a reference for interpretation, the critical diameter for susceptibility of antifungal reference substances was subjectively set at ≥17 mm for triazoles and ≥15 mm for amphotericin B [17] . Strains were regarded as resistant at ≤13 mm for triazoles and ≤12 mm for amphotericin B. Amphotericin B, flucytosine and clotrimazole proved to be inactive, whereas CA was susceptible to econazole and miconazole.
Contrary to some of the antibacterial reference substances, none of the J. phoenicea EOs could inhibit the growth of PM to a significant extent; the EO of dried leaves showed an intermediate activity against PM, though its antibacterial activity against other test strains, especially SA, proved to be excellent. only moderately susceptible to the EO of fresh leaves. Overall, EC was the only strain susceptible to all three juniper EOs, whereas PM was the most resistant one. Regarding antifungal activity, the EO of dried leaves outclassed the standard antifungal substances by far, whereas the EO of fresh leaves showed similar activity to that of econazole and miconazole. The present results are comparable with other studies evaluating the antimicrobial activity of EOs of some sub-species of J. phoenicea [18] . No differences could be shown between the antimicrobial activity of fresh EOs and EOs stored at 4°C and light-protected for 6 months, thus confirming stability over time.
The antimicrobial activity of the EOs of J. phoenicea from Algeria could be associated with the amount of terpenes and their major constituents (e.g. α-pinene, myrcene, linalool), which exert their activity [19, 20] on microorganisms by attacking the plasma membrane, causing an increase in permeability and loss of cellular constituents [17, 21] . Resistance of SA, PM and PA to the EOs of dried and fresh leaves and berries are related to their capacity to develop resistance to many antimicrobial agents from their frequent involvement in hospital infections. The results of this study compared with the EO of J. phoenicea from Morocco show a better antimicrobial activity [22] .
Experimental

EO distillation and analysis:
Fresh leaves and berries of J. phoenicea were collected from the Saharan Atlas Mountains (Morghrad Jebel in the Ain Sefra area of Naâma, South West Algeria), at an altitude of 1480 m in March 2011. The voucher specimen (BGPASNA13) was deposited in Abdelhamid University, Algeria. The leaves were air-dried at room temperature (ca. 22°C). The EOs were hydrodistilled for 3 h using a Clevenger apparatus. The obtained oils were stored under refrigeration until analyzed and tested.
GC-FID and GC-MS analyses were simultaneously performed on a Thermo Fisher Scientific Trace GC Ultra using a MS-FID splitter consisting of a quartz Y-splitter and a 20 cm × 0.1 mm ID fused silica restrictor column as an inlet to the GC-MS interface and a 1 m × 0.25 mm deactivated fused silica column serving as a transfer line to the FID detector. The split/splitless injector was heated at 230°C and connected to a 50 m × 0.25 mm × 1.0 µm SE-52 capillary column (made and tested for deactivation and separation efficiency in our lab [23] ). The FID detector operated at 250°C. EO (0.1 µL) was injected with a 0.5 µL plunger-in-needle syringe at a split ratio of 1:100 using a TriPlus RSH Autosampler. For substance identification, a Thermo Fisher Scientific ISQ Mass Spectrometer was used with GC-MS interface heating at 250°C, ion source 230°C, EI mode at 70 eV, filament 50 µA, scan range 40-500 amu.
The following temperature program was used: 60°C for 1 min, heating to 230°C at a rate of 3°C/min, 230° for 12.3 min. The carrier gas was helium 5.0 with a constant flow rate of 1.5 mL/min. Thermo Xcalibur 2.2 software was used for identifying the compounds by correlating mass spectra to databases of NIST 08 (National Institute of Standards and Technology, Gaithersburg, Maryland), Wiley Registry of Mass Spectral Data 8th Edition (Wiley, Hoboken, New Jersey), Adams [24] , MassFinder terpenoids library (Hochmuth, Hamburg, Germany) and our own library. Retention indices were determined according to [25, 26] . Quantification was performed using normalized peak area calculations of the FID chromatogram without -by first approximation -relative FID response factors.
Antimicrobial activity:
The antimicrobial activity of the EOs werevtested against Gram-negative bacteria Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli and Proteus mirabilis, Gram-positive Staphylococcus aureus, and the yeast Candida albicans. These strains were obtained from the Microbiological Laboratory of the Hospital of Ain Tadless Mostaganem (Algeria) and were isolated from infected hospitalized patients. The strains were identified on API 20 E (Enterobacteriaceae) and API Staph (Staphylococcus aureus) plates. The sensitivity of the species was studied against 14 antibiotics and 5 antifungal agents given in Table 2 by the conventional CA-SFM method of susceptibility testing [16] . Inocula were prepared from liquid cultures incubated for 18 h, diluted with sterile saline solution to obtain approximately 10 8 cells/mL, at a density between 0.08 and 0.1 at 625 nm [27] . Mueller-Hinton medium was used for bacterial strains and Sabouraud + chloramphenicol medium for the yeast.
